The Medical Journal of Australia ISSN: 0025-729X 6 August 2012 197 3 161-165 ©The Medical Journal of Australia 2012 www.mja.com.au Research ccurate interpretation of electrocardiographs (ECGs) is essential for doctors to avoid diagnostic errors and delays in timecritical management. Diagnostic errors can result from knowledge deficits but also from cognitive biases and heuristics (mental shortcuts). [1] [2] [3] [4] Clinical reasoning consists of two distinct, although not exclusive, types of mental processes -analytical and nonanalytical. 1 In emergency departments (EDs), doctors are often required to interpret results of diagnostic tests such as ECGs with limited or evolving clinical information, and adapt by using non-analytical clinical reasoning strategies such as pattern recognition and heuristics. 4 Heuristics have been associated with enhanced diagnostic accuracy, 5 but may also predispose to diagnostic error caused by bias. 4, 5 The major cognitive biases in medicine are anchoring bias (tendency to fixate on first impressions), confirmation bias (seeking features to confirm rather than refute a diagnosis), and premature closure (accepting a diagnosis before it has been fully verified). 4 Access to clinical history can both enhance diagnostic accuracy and increase diagnostic errors. [6] [7] [8] [9] [10] [11] A systematic review of the interpretation of radiology and pathology test results has shown that adding clinical history is associated with improved diagnostic accuracy. 6 Some studies of ECG interpretation have shown that providing a clinical history or vignette has no significant effect on diagnostic accuracy, 10, 11 but others have shown that history suggestive of the correct diagnosis increases diagnostic accuracy and misleading history decreases diagnostic accuracy. [7] [8] [9] We aimed to determine whether bias in the clinical history affects the accuracy of ECG interpretation by ED doctors.
Methods
We conducted an observational study of ECG interpretation by doctors working in EDs at four teaching hospitals in Sydney (Royal Prince Alfred Hospital, Liverpool Hospital, Concord Hospital, and Canterbury Hospital) during routine hospital-based teaching sessions from May to September 2011. Ethics approval was obtained from the ethics committees at all study sites.
Participants
A convenience sample of emergency physicians, emergency registrars, senior resident medical officers, resident medical officers and interns was invited to participate. A recruitment email was sent to all ED doctors before commencement of the teaching sessions, and participation was voluntary. Participants provided written consent and were blinded to the study objective.
De mo gra phic da ta co ll ec te d included postgraduate year (PGY) and current position. Emergency physicians and registrars were classified as senior doctors, and interns (PGY 1), resident medical officers (PGY 2) and senior resident medical officers (PGY 3) were classified as junior doctors. Junior doctors had commenced, completed, or were due to undertake a 10-week emergency medicine rotation.
Intervention
ECGs were obtained from hospital patients, textbooks and internetbased sources. They were reviewed without clinical history by a cardiologist and a senior emergency physician, Results: Of 307 doctors who were sent a recruitment email for the study, 132 participated (43%). The overall mean accuracy of ECG interpretation was 52% (95% CI, 50%-53%). For junior doctors, mean accuracy was 42% (95% CI, 40%-44%); for senior doctors, it was 65% (95% CI, 62%-67%). In adjusted models, the mean predicted score for senior doctors provided with no history was 6.25 (95% CI, 5.90-6.62) with junior doctors obtaining mean scores 34% lower than senior doctors (95% CI, 29%-40%; P < 0.001). Compared with no history, positively biased history was associated with 42% higher mean scores (95% CI, 35%-49%; P < 0.001) and negatively biased history was associated with 34% lower mean scores (95% CI, 29%-39%; P < 0.001).
Conclusion:
Bias in clinical history significantly influenced the accuracy of ECG interpretation. Strategies that reduce the detrimental impact of cognitive bias and improved ECG training for doctors are recommended.
and were included in the study only if these doctors agreed on the diagnosis. Thirty ECGs representing 10 clinically important diagnoses were included (three ECGs per diagnosis). These diagnoses are shown in Box 1.
The 30 ECGs were randomly divided into three packs of 10, such that there was one example of each diagnosis per pack. Each ECG was preceded by positively biased, negatively biased, or no clinical history. Positively biased history was suggestive of the correct diagnosis and negatively biased history was suggestive of an alternative diagnosis (Box 1). A random number generator was used to order the ECGs within each pack and assign a different category of history to each ECG.
Participants received all 30 ECGs and were therefore exposed to three examples of each diagnosis in a random sequence of positively biased, negatively biased and no clinical history. They interpreted the ECGs under supervised test conditions and were given 1 hour to write the most likely "ECG diagnosis" for all 30 ECGs. They were instructed to provide a single diagnosis based on the ECG without descriptive interpretation, and completed and submitted each pack of 10 ECGs before progressing to the next pack. A post-test education session on ECGs (including answers) was conducted.
The ECG answers were marked independently by two emergency physicians who were provided with a marking scheme and were blinded to the ECGs and study objective. Answers that included the correct diagnosis or terms listed in the marking scheme were assigned a score of one. Answers that listed more than one diagnosis, were simply descriptive or failed to provide a diagnosis were assigned a score of zero. No half marks were awarded. Inter-rater disagreements were adjudicated by two of us (J E and M F C).
Primary outcome
The primary outcome was the accuracy of ECG interpretation, measured as a score out of 10 and as the percentage of ECGs that were correctly interpreted. Scores out of 10 reflected the number of ECGs that were correctly interpreted by each participant for the 10 ECGs in each category of clinical history.
Statistical methods and analysis
This was an exploratory study and an a priori sample size calculation was not undertaken. An estimate of the required sample size was obtained from previous studies that investigated similar outcomes.
7-12 A difference in mean scores of 1 out of 10 (ie, 10% difference) between clinical history categories was considered clinic a l l y i m p or t a nt . A s su m i n g a correlation coefficient of 0.50 between repeated observations on the same participant, a total group size of 129 would provide 80% power at 0.025 alpha level (significance level adjusted to account for multiple pairwise comparisons) to detect a difference in mean scores of 0.55.
For the primary outcome, standard deviations and interquartile ranges for scores and confidence intervals for percentages were calculated according to standard formulas but did not take into account the repeated observations on each participant, so these were used for de scrip tiv e p urposes only. To account for repeated measures and distribution of results, a generalised estimating equation (GEE) model was used. Univariable and multivariable estimated effect sizes of clinical history and participant seniority were then obtained. An interaction term was included in the model to assess whether the effect of clinical history differed according to participant seniority. Estimated effect sizes from the GEE model were expressed as a ratio of scores between the group of interest and a reference group (intercept) with 95% confidence intervals and P values. For example, an effect size of 1.5 would indicate that the predicted mean score in one group was 50% higher than the predicted mean score in the reference group, and an effect size of 1.0 would indicate no effect. Statistical analyses were performed in PASW Statistics 18 for Windows (SPSS Inc, Chicago, Ill, USA). 
Results
Of the 307 doctors who were sent the recruitment email, 132 participated in the study (43%) -74 junior doctors (56%) and 58 senior doctors (44%). The mean accuracy of ECG interpretation for all participants was 52% (95% CI, 50%-53%). For junior doctors, mean accuracy was 42% (95% CI, 40%-44%); for senior doctors, it was 65% (95% CI, 62%-67%). Participants were most accurate for the ECG diagnoses of ST elevation myocardial infarction and ventricular tachycardia and least accurate for Brugada pattern and long QT interval. The percentages of ECGs that were correctly interpreted for each diagnosis are shown in Box 2, and these data are further divided by clinical history in Box 3.
The percentages of ECGs that were correctly interpreted in each of the three ECG packs were similar: 53% (95% CI, 50%-55%) for pack 1, 53% (95% CI, 50%-55%) for pack 2 and 50% (95% CI, 47%-53%) for pack 3.
There were 97 marking disagreements out of the 3960 ECG answers ma rke d, gi vi ng a n agree m ent between markers of 98%.
Accuracy of ECG interpretation
In multivariable analysis, there was no evidence of significant effect modification between clinical history and participant seniority (interaction term P = 0.21). As a result, the interaction term was removed and only the main effects of history and seniority were included in the final model. There was a significant association between the category of history provided and the accuracy of ECG interpretation. Both mean and median test scores were significantly higher when the ECG was presented with positively biased history compared with no history, and lower when the ECG was presented with negatively biased history (Box 4).
In the final multivariable GEE model, the predicted mean score for senior doctors provided with no clinical history was 6.25 (95% CI, 5.90-6.62). Positively biased history was associated with a 42% (95% CI, 35%-49%) increase in mean test scores compared with no history. Negatively biased history was associated with a 34% (95% CI, 29%-39%) decrease in mean test scores compared with no history. Junior doctors' mean test scores were 34% (95% CI, 29%-40%) lower than those of senior doctors (Box 5). These effects are adjusted for other predictors in the model.
Discussion
Our study shows that introduction of bias into clinical history significantly affects diagnostic accuracy of ECG interpretation. On one hand, doctors were more accurate when provided with history suggestive of the correct ECG diagnosis. The history may have directed participants to search for specific ECG findings or alerted them to possible diagnoses that they might not have otherwise considered. Clinicians may have also combined history with ECG findings to make their ECG diagnoses, rather than interpreting ECGs independently. 13 This suggests that ECG interpretation may not be independent of the pre-test probability, contrary to the traditional Bayesian approach to clinical reasoning.
On the other hand, clinical history suggestive of an alternative diagnosis had a detrimental effect on diagnostic accuracy. Cognitive processes such as anchoring bias, confirmation bias and premature closure may have contributed to participants ignoring findings consistent with the correct ECG diagnoses. This is consistent with results of research which show that diagnostic suggestion can lead to interpretation errors, particularly in the context of atypical or inconsistent clinical histories. [14] [15] [16] Clinicians therefore need to ensure that any history obtained before the interpretation of ECGs is reliable and accurate. Furthermore, strategies are required so that an incorrect or atypical history does not adversely affect the interpretation of diagnostic test results.
Several such strategies have been proposed to reduce the risk of diagnostic error. [1] [2] [3] [4] 9, [13] [14] [15] [16] [17] [18] One approach is to interpret test results without clinical history (to facilitate unbiased reading) and then reinterpret with the history.
14 Another approach is to seek more clinical information when ECG findings are inconsistent with history. A "combined reasoning approach" -the deliberate use of both analytical and non-analytical (intuitive) methods -has been associated with increased diagnostic accuracy for ECG interpretation. 17 Another strategy is for clinicians to develop an understanding of basic error theory and skills in meta-cognition (ie, think about their thinking 18 ), and use specific strategies to counter cognitive pitfalls. 4 Despite multiple strategies being proposed, there is little evidence to support one approach over another. 18 The strengths of this study include the blinded assessment of the ECG responses to minimise misclassification bias, the good inter-rater agreement, and the randomisation of ECGs within each pack to minimise the effect of learning bias. In contrast to previous similar studies, [7] [8] [9] [10] [11] this was a multicentre study with a specific focus on the effect of clinical history and cognitive bias in the ED setting.
However, there were a number of limitations. There were not enough participants to enable subgroup analyses of each clinical designation. We did not control for other potential confounders such as hospital type or prior ECG training. Positively and negatively biased clinical histories provided were formulated by the authors and may have caused a bias in favour of the observed differences. Although the ECGs in our study were included only if both the emergency physician and cardiologist agreed on the diagnosis, significant interobserver variability in ECG interpretation often exists even among cardiologists (who are frequently the "gold standard" reference in similar studies). 19 The accuracy of ECG interpretation observed in this study was probably lower than in clinical practice as a result of the strict marking scheme, designed to avoid ambiguity and marker bias. Some of the participants whose answers were marked as incorrect might have identified features in the ECGs that would have led to further enquiry in clinical practice. The clinical significance of these interpretation errors is unknown.
The decreased accuracy of ECG interpretation associated with negatively biased clinical history was consistent across senior and junior levels. In contrast, another study has shown that expertise can mitigate the detrimental effect of bias -providing a misleading history decreased diagnostic accuracy of ECG interpretation by 5% for cardiologists but up to 25% for residents. 7 In our study, no such protective effect of expertise was seen, possibly because most of the senior doctors were emergency registrars and few were emergency physicians.
Overall accuracy of ECG interpretation in this study was 52%, which is comparable to findings of previous studies -accuracies of 36%-96% for emergency doctors. 19 The performance of senior doctors was comparable to previously reported accuracies of 53%-96% for cardiologists. 7, 19 Accuracies for the individual ECG diagnoses in our study were similar to those reported in a recent Australian study. 12 The low diagnostic accuracy for some ECG patterns suggests that knowledge deficits may have been just as important as cognitive bias in contributing to diagnostic error. This is supported by the finding that the effect of seniority was similar to that of biased clinical history on the accuracy of ECG interpretation. Junior doctors may have been unable to identify ECG patterns of Brugada pattern and long QT interval due to a lack of prior exposure to these disorders. Knowledge gaps are more amenable to educational interventions and highlight that ongoing training in ECG interpretation is an important component of postgraduate education programs.
In our study, biased clinical history and participant seniority had significant effects on the accuracy of ECG inter- pretation. These findings may be helpful in developing strategies to improve the accuracy of ECG interpretation by doctors working in EDs and other acute care settings. We recommend improved postgraduate training and strategies that limit the detrimental impact of cognitive bias.
